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A NEW TV WAVEFORM OSCILLOSCOPE 
FOR PRECISION MEASUREMENTS OF VIDEO TEST SIGNALS 

For testing TV transmission systems to meet the standards required 
for color TV, a special wideband oscilloscope has been designed 



Cot, ok ni i vision imposes severe re- 
quire men is on video transmission 
channels. Because color signals are 
more complex ilran black-and-white 
signals, channels must be more tlistoi 
don-free in ordei to deliver an accept- 
able color picture to the viewer. This 
means that IV video channels must 
now be tested more frequently and 
more a< i innately than before. 

The old visual test patterns trans- 
mitted during idle periods are not ade- 
quale to meet today's requirements, 
Consequently , TV broadcasters and 
networks have recently begun to trauv 
mit special test signals, called Verticil 
Interval Test Signals (\ I I . v along 
with i he normal I 'V video signals, 
These test signals are sensitive to the 
types of distortion which are raosi dis- 
turbing to viewers, Since the\ are trans- 
mitted while the channel is in actual 
operation! they make ii possible to 
check the quality ot die channel con- 
tinuously and accurately. 

Displaying the TV video waveform 
ami the new test signals, and making 
accurate measurements of them, calls 
for an oscilloscope with special capa- 
bilities* plus unusual accuracy and sta- 
bility. These requirements are met bv a 
new -hp- television waveform oscillo- 
scope (Kg* 1) whi< h displays and meas- 
ures black-and-white and color TV 
video signal^ and VITS, 

The new television oscilloscope is a 
precision instrument «>1 advanced de- 
sign* It is capable of measuring signal 
amplitudes with I*< accuracy , which is 
i i apabOlt) not usually found in oscil- 

Iosco pes 6i any type. It produces 
bright, sharp displays of fast pulses that 
have low repetition rates. Its frequency 
response and phase characteristics are 
carefully controlled, not only within 
die nominal bandwidth, but also on 
the rollofls or skirts of the response 
curves. Its differential input amplifier 
has high common mode rejection over 
an unusually wide frequency range. 
1 ransiem response is also controlled to 
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Fig. 1, New —hp- Afodel 191 A Television Waveform Oscilloscope. Oscilloscope 
is specially designed to facilitate testing of color and black and -white TV 
transmission lines and systems in which new VITS signals are used. Instru- 
ment is alt solid-state (except CRT) . 



Insure high-fidelity reproduction of the 
test signals. 

The one percent accurac v ot the new 
oscilloscope is achieved hv means of 
stable, wideband amplifiers and pas- 
sive filters ol special design. b\ ;■ mesh- 
type CRT with extremely constant 
deflection sensitivity over the entire 
display, by an internal graticule with 

a new type of flood gun illumination, 
and bv an advanced CRT gun struc- 
ture which produces a sharpei spot. 
Brightness is 7.5 times that of other 
-hp- oscilloscopes, made possible by 
the new gun structure, which delivers 
more current to the screen in a sharper 
spot* and by the mesh strut tore, which 
makes it possible to use a 2(1 kV acceler- 
ating potential without losing deflec- 
tion sensitivity, 

The new oscilloscope displays VITS 
and video signals without discernible 
jitter. This results from the use of logic 
circuits for positive selection of the 
portion of the waveform to be dis- 
played, and from the use of a special 
synchronizing circuit which works well 
even with very noisv input signals. 

front panel controls on the new os- 
< dloscope permit easy selection of the 
displays that are needed in television 
testing. Disctele selection is provided 
For the parts ot the video signal which 
contain VITS, Five special vertical-am- 
plifier gain-filter combinations are 
available lor distortion tests using 
\ [ I s waveforms. 

For minimum size and weight and 



maximum reliability, the oscilloscope 
is all solid state except for the CRT* it 
is designed to operate at temperatures 
between (I and 50 C and at high alti- 
tudes, so that it can be used in hot loca- 
tions which are crowded with elec- 
tronic equipment Of in mountain-top 
radio relay stations, 

TV waveform oscilloscopes like the 
new -hp- instrument are used in the 
Television Operating Centers of the in- 
lenitv IV network, where video sig- 
nals are adjusted and switched to the 
proper channels. Television broadcast- 
ing stations also use TV waveform os- 
cilloscopes in their master control con- 
soles, in video tape recorders, in ad- 
justing both black-and-white and color 
cameras, and in monitoring incoming 
network programs. Other users include 
TV producers and manufacturers, and 
private TV systems. 

VIDEO AND TEST SIGNALS 
TV picture information occurs at a 
rate of 30 pictures, or frames, per sec- 
ond, each frame consisting of two fields 
oj 2621/5 lines each. Lines 1 to 21 of 
eac h field constitute the vertical blank- 
ing interval, which produces the black 
areas between frames on a TV receiver. 
1 lie other lines contain the picture sig- 
nals. Each line consists of a horizontal 
sync pulse of maximum carrier ampli- 
tude followed bv the picture signals, 
which are used to intensity mod id . ■ i r 
the electron beam (pt beams, in color 
receivers) ot the IV picture tube. 
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Kite, 2. New TV Waveform Oscilloscope in typical TV control roam. Ware farm 
shou n is multiburst signal used for checking frequency h sponge of network* 



Vertical Interval Te&i Signals arc In 

serted on lines 18 and 19 erf both fields. 
The three YT1 S waveforms are:* 

1. Multiburst (line 18, fields 1 and 2): 
White bar followed by bursts of 0.5 MHz 
(JVIc/s), 1,5 MHz, 2.0 MHz, 3.0 MHz, 3.6 
MHz, and 4.2 MHz. This signal gives a quick 
check of the amplitude vs, frequency re- 
sponse of the channel. The six bursts have 
equal amplitudes if the response is correct; 
and vice versa. To check that the mu It i burst 
baseline is at the same level for each burst 
the sine waves are removed with a low pass 
filter. 

2. Sine-Squared Pulse and Bar (line 19, 
field 1): Pulse with sine squared shape and 
half amplitude duration of either 0.125 ft$ 
(T pulse), 0.0625 p8 (T/2 pulse), or 0,25 ft % 
(2T pulse), followed by bar with sine 
squared leading and trailing edges and du 
ration of one-half line. A symmetrical sine- 
squared pulse indicates that the phase char- 
acteristic of the channel is correct, and vice 
versa. Droop on the top of the bar indicates 
poor mid frequency response. Overshoots 
or ringing indicate poor transient response. 

3 Modulated Stairsteps (fine 19 r field 
2): 10 equal steps going from black level to 
white level with burst of 3,58 MHz sine wave 
on each step. This signal is used for check- 
ing the channel for differential gain (varia- 
tions in gain with signal amplitude) and dif- 
ferential phase. Low frequency differential 
gain is checked by filtering out the 3.58 
MHz sine waves with a low pass filter and 
checking the steps for equal amplitudes. 
Differential gain at 3,58 MHz is checked by 
filtering out the steps with a band pass filter 
and checking the bursts for equal am- 
plitudes. 

VERTICAL AMPLIFIER FILTER RESPONSES 

I fir filters needed h>i accurate V! I s 
distortion measurements are built into 
the vertical amplifier of tin new -hp- 
TV waveform ost illos< ope, 

The FtAT response is used for gen- 
eral observation ol the wavelonus. foi 
i In - king the frequent j response oi the 
channel fe) means ol ihe tnult iltuisi 
signal, and for checking phase and 
transient responses l>\ means <>| the 
sine-squared pulse and lur 

With the RESPONSE i"i I in the 

* See p. 7 herein For a more complete dissuasion of YITS. 



flat position, the vertical amplifier has 
a frequency response which is Bai with 
in a small fraction of one illi (see spec i 
In ;i muss .up to a frequency oi I .5 MM 
The response then decreases monoton- 
ically. and is down 20 till ai 20 MH/ 
(Fig, 8) I he fum don *n tlu^ Km jmII 
oil. whit h is l.istei than .1 Gaussian roll 
nil, is to eliminate high-frequency 
noise, whit h can be troublesome in TV 
waveform observations, 

I he phase < haracteristi* ol the ri vr 
response is Linear, enabling ihe oscil- 
loscope to produce extreme!) symmet- 
rical displays ol the three sine-squared 
pulses (the T/2 pulse contains signif- 
icant frequency components up to 16 
MH/). The symmetry of the sine 
squared pulse is a measure of the free- 
dom ol a channel from phase distor- 
tion, so it is important thai n** assym 
metry is introduced by the osc il lost ope. 

In achieving iis excellent amplitude 
and phase characteristics, the flat 
filter response causes small preshoots 
and overshoots. However, these are sig- 
nificant only on the T/2 pulse, where 
they are typically :> h t ' and equal to 
each othei within 

1 he tow pass 1 espouse is used lot 

hheiingctut the muitibursl Erequem ies 
in order to check the baseline ■>! the 
muitibursl waveform for clc compo- 
nents Which indicate amplitude lum- 
lirn amies. It is also used fin eliminat- 
ing the 8.58 Mil/ coloi subcarrier 
buists from 1 he modulated stairstep sig- 
nal in ordei to check foi low^frequency 
different ial gain, 

The tow r\s>. position of the re- 
sI'iinsj- control gives th> vertical atnpli- 
fiera frequent) response which is down 
more than 50 dH near QJ Mil/ and 
more than 40 dB at all frequencies 

* Similar tolerances a&pty to the stftp response. Rise tiflw it 
less than 50 ns. 



greater than 1.5 Mil/, so that the dis- 
plays of the nuiluburst baseline and 
unmodulated stairsteps are free of re* 
sidual sine waves. The response is Mat 
within 2 dB to 150 kHz so that the 
multiburst baseline, the unmodulated 
stairsteps and the sync pulses are dis- 
played withoui appreciable rounding. 

A typical muitibursl waveform con 
sis is of a white Hag folio wed by about 
6,4 fis of 0*5 Mil/ sine wave and about 
of 1.5, 2.0, 3.1). $.6, and 12 MHz 
sine waves. 'I 'hi- waveform is generated 
simph h\ gating the outputs of six 
oscillators in sequence, without regard 
to relative phase. Consequently, when 
the muhi burst generator switches from 
one burst frequency to the next, an 
abrupt c flange of voltage ma\ occui in 
the output waveform. This makes the 
Step response oi the oscilloscope's LOW 
pass fiher critical, for if the transients 
induced in ihe oscilloscope do not die 
out quickly, ihe baseline of the multi- 
burst waveform will be obscured. In 
the new —rip— instrument, the 0-to- 
100% iise lime of the row e\ss re- 
sponse is about 2 ji&, and overshoot is 
less than L ,,, fl . This means that, ii an 
ahiupi voltage change dues occtu in 
the muitibursl waveform when ihe row 
pass Idler is being used* all transients 
are reduced to less than 2% of their 
initial amplitudes within 2 ^s, leaving 
LI or 2.7 jus ol undisturbed baseline 
for measurement pur[>ose$* 

The IRE response of the vertical am- 
plifier is used lor attenuating ihe color 
signal and any noise that may be pres- 
ent in order to make amplitude raeas- 
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Fig. 3, Basic FLA T frequency response of 
oscilloscope is down less than 0J dB betou 
\iHz t less than 1 dB at S MHz, 3 dB 
at I()Jf MHz, then has eery fast rolloff and 
is down 20 dB at 20 MHz'. This eliminates 
high-frequency noise if present tin incom- 
ing fine. Lower diagram shows ±0,05 dB 
flatness below 1 MHz. 
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Fig, 4. Bhrk Diagram of Vertical Amplifier in -hp- Model 19 1 A Television 
Waveform Oscilloscope . Passive fitters of special design give accurately -shaped 

responses with high stability. Differential -to -stttgh '-rutted input amplifier per 

? nits use of more stable sittgfecnded filters, has high earn mot i mode rejection 

over aide frequency range. 



urements on the monochrome signal 
The IKK response gives the veined 
amplifier a standai d rollofl as described 
in IEEE Standards/ 1 Ir is down 20 dB at 
the color subcarrier Ireijucmy of 3.58 
MH/. 

I tic cmromin \nci response is used 
to remove the stairsteps from the mod 
ulated stairstep signal in order tocbe* k 
a channel for high-frequenc) differen- 
tial gain. The filter puts the 10 bursts 
of $.58 MH? on the same tine to permil 
easy comparison oi their amplitudes, 
\\Hh the response control in the 
f iiiKr>\riNANCF position. I he w-i lie ;d am- 
plifier has a bandpass response with 
renter f req iientA ol &SB Mil/, the color 
su bt ;i trier frequency. 

The Din ERENTiAi. ciA in response is 
the same as the chrominance response, 
except that an additional voltage gain 
of 5 (14 dB) is provided lor making dif- 
ferential sain measurements with re- 
spect to 100%. 

VERTICAL AMPLIFIER 
1 i'4. [ h a block diagram of the vei- 
led amplifier. To permit 1', distor- 
tion measurements, the lour frequency 
responses ol this amplifier had to be 
carefully shaped and held within ttghl 
tolerances, This kind' ol requirement is 
unusual in us< illoscope design; usually 
only the 3 dB bandwidth is specified, 
and the shape of the rollofF is m*t 

In mi dci to achieve the lour fre- 

Th-e IRE filter meets t*ie fCQuirements of the IEEE Standard 
on Television WeasuremERt of Luminance Signal Lev&ls (ASA 
C1631 - 19S9 tlw tplerancei art tighter ih.tn 

those required hy these standards. 



quern j response < hara< tei isi i< s with ac - 

t nt ji\ and stability the vertical am- 
plifier is designed to have a wide band- 
width, and passive filters are used m 
shape i he response, This eliminates 
am possibility that changes in nmi- 
sistor characteristics with temperature 
oi age, or differences between transis- 
tors, will change the responses. Each 
amplifiei block has adequate Eeedbai L 
even ai the high frequencies, so thai 
expected component and temperature 
variations will not alleti eithei the 
basic i espouse or the overall response. 

The input amplifier is a differential- 
U ► single ended COnvei lei , whit h allows 
the oscilloscope to accept the normal 
two-wire TV cables* Inn permits the 
use of single-ended filters* which are 
mui li less sensitise to component varia- 
tions ami sua) capacitance* I he inter- 
stage amplifier is also simplified by this 
arrangement, 

Common mode rejection oi a dif- 
ferential amplifier is tlie amount b\ 
which signals common to both inputs 
ate reduced in the output, hi a TV <> s 
cilloscope, high common mode rejec* 
Lion results iti a display which is free of 
art) noise and interference common to 

both wires of two-wne TV cables. In 
the new -hp- ost illoscope, I he niiiiiitun 

mode rejection oi the inpui amplifier 
is greater than (6 dB up to 2 MM/. 
with a o' dBperaic ia\e rollofl up (o 20 
.Mil/, in actual production insim- 
merits the amplifier-filter < ombinations 
lia\e overall common mode rejections 




Fip, 5, HO 1-19 1 A version of ncu TV Waeefortn OsciUoscope has 
front and recti telt phom -at} la Input jacks, no WRtiH sweep mode. 



better than 30 clB up to 20 MM/. 

hi permit video signals to he ob- 
served withoui disturbing the wave- 
forms, tlte input i ounct tions to the \* a 
tical amplifiei are made by means o I 75 
ohm and 121 ohm "loop-through' sys- 
tems. Video signals in operating tenters 
and control rooms are can ted either In 
a coaxial cable with a I hatac tei istH im 
pedance of 75 ohms oi by a balanced 
i wo wiie t able with li characteristic im- 
pedance oi 121 ohms. The input cir- 
c uits of the ost illoscope are designed to 
look like short sections ot 7"> ohm and 
124 ohm lines. >«> thai i he instrument 
can be inserted iuioeitlu i typeof cable 
Without misniatcli. 

When distortion measurements are 
to be made, the displa) oi the video 
signal is adjusted for a standard maxi- 
mum amplitude ol 1 10 1RF units. In 
the polarity nidm often used, the svu< 
pulses have a magnitude of — 40 IRE, 
the blanking level is IRE, black is 
4- 7-5 IRE, and white is + 7(10 IRE. 
In standard TV prat tice, 1-Ml IRF units 
is equal 10 1 volt. The new oscilloscope 
has a swill li-selected gain selling which 
will display MH) IRK units for an inpui 
signal amplitude Of 0,71 I volt peak-io- 
peak V variable gain control permits 
proper adjustment ol ihe displa) EOJ 
other inpui signal amplitudes. The 
gain can be switched to die fixed gain 
position without disturbing the setting 
ol the vai table gain control, so that die 
display c^n be calibrated quick!) with- 
out readjustment. Also provided is a 
< iilibt.uor w hit h stipplir s to the vei 1 1- 
cal amplifier a SO kHz signal with a 
peak to -peak amplitude of t 7 1-1 volt. 

Because- of the presence of ph ture in- 

loTiiiation in the composite \li\e<* Slg- 
nab the average value ol the signal 
( hanges continually* To make the dis- 
pla) stable, the oscilloscope has a ck 
restore! which, when the Iront-pauel 
Cpntrpl is in the ON posit ion, tefer- 
i an es the displa in the blinking; level 
instead ol to the average value oi the 
signal hi determine the blanking volt- 
the restorei cjrcuii samples the 
'hack porchl which is about 5 micro- 
seconds ol blanking level following 
each horizontal sync pulse, The pre*- 
enceoi absence of the coloi synchroniz- 
ing burst on the back porch doei m 
alien the restorer. 

I he di restore! is ^ lofi c l.uii]>: that 
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is, it has a long sampling time constant, 
m> that it lakes man) samples to estab- 
lish rht: final reference voltage. I Ins 
mi. ins thai il i><> 11/ hum i^ present on 
the video signal it will appeal on the 
display arid he detected. V hard clamp 
would remove the 60 1 1/ hum 

HORIZONTAL SWEEP 
Observations n£ individual VI is 
waveforms require that ait os< Qloscope 
be capable oi displaying a single tine 
of t tie TV pic ture Because the picture 
nned in two fields, the scope must 
also he able to distinguish field one 
from field i wo. This is not ui\ diffi- 
cult* because the fields differ b) one- 
Ij.iIi line in the position oi the vei iii al 
>)in pulses with respect to the hori- 
zontal syn< pulses: liuw ever, ii is diffi- 
cult to make the field selection circuit 
operate teliahh in the presence >i 
noise and signal fluctuations, oi when 
subjected to power line transients <»r 
temperature < hanges. In the new —hp— 
oscilloscope, the field In he displaced 
is selected with a front-panel switch. 
Internal logic circuits monitoi the TV 
synchronizing waveform and triggei 
the sweep at the beginning ol ihe de 
shed field, The smk signal is checked 
continuously! so thai tl a noise pulse 
(» other disturbance resets the sweep 
ii the whiiik time, the mistake is CO! 
rected automatically. The held *,ele( 
tion i in uii h.n, Large tolerances .au\ 
requires no adjustment. This positive 
field selection and insensiuvit) to dis- 
turbances results in an easily selected, 
stable display 

\nother Front-panel control allows 
the operator to select foi display 
gle hue ol the IV picture. Discrete 
selection ol lines !*• through 21 is pro- 
vided, plus continuous!) variable selec- 
tion of the other lines. A video ampli- 
fier output supplies licith video and a 
gate signal foi causing the selected line 
to appeal brightei on a picture mon- 
itor 

The oscilloscope is designed to op 
erate with inpui signals having peak- 
to peak amplitudes between 0.2 V and 
2 V. I his 10 to I range complicates 
the design of the synchronizing i in int. 
betake a uuuu which is designed to 
operate reliably at low input levels tn ij 
heiiJinpK ieh confused by noise at high 
input levels, I he sync circuit ol the 
new -hp- oscilloscope automatically 




FiK- ft. Bernard M Oliver, -kj>- Vice President for Research and Development, 

i design of new TV oscilloscope and CRT with pari of in if ml design team 

at -hp- Research and Development Laboratories at Rato Alto. Engineers are 

tl. tn rJ Edward Heinsen, Richard Monnier, project leader, William R Kruger, 

CRT design leader, /Jr. Oliver, and Gregory Justice 



senses the signal level and adjusts the 
i r iggei ing to keep the display jitter-free 
at all input levels. 

Five sweep modes are provided, 

I'hey are: 

1.2 V, which gives a sweep length ol two 
fields and a sweep speed without magnifies 
tion of 0-175 V/cm (about 2:9 ms/cm). Vis 
the duration of one field, or 1/60 s. 

2. 2H, which gives a sweep length of two 
lines and a sweep speed of 0.125 H/cm 
(about 8 , ( s/cm). H is the duration of one 
line, or 63.5 ^s, 

3. LINE, which also gives a sweep speed 
of 0,125 H/cm and allows selection of a 
single line for display, 

4. FREE RUN, which is used for envelope 
display (observation of entire waveform for 
checking maximum excursions of picture 
signal). 

5. WRGB. which switches the sweep to 
the external white-red-green blue staircase 
signal used in adjusting color cameras, 

p magnifications of 5 and 25 are 

available. 

CATHODE RAY TUBE 
i >ii' mi the most i hallenging require- 
ments for the new oscilloscope was that 
it must display the 1 11 pulse, which is 
a sine-squared pulse with a ha 1 1 -ampli- 
tude duration of iVl.tt nanosecond 
curring at a repetition rate oi only 80 
Hz, lb give the pulse adequate width 
foi measurement purposes, the fiori 
/omal sweep speed ol the oscilloscope 
musi be magnified to 0.005 1 1 cm 
(O.S175 p& cm). With "\ilii osctllo 
scopes, this last sweep speed and the 
petition rate ol the signal w 1 ».uld 
produi c a barel) i isible display. A par- 
tial solution to this problem is simph 
iii increase the accelerating volta 
[fu- CRT, However, the increase in 



brightness thai can In- obtained in this 
in inner is limited, and with older CRT 
designs the higher voltage i a uses a loss 
ol deflection sensitivity, which would 
make it impossible t*> drive the t Rl 
with trans is toi amplifiers. Io give the 
new oscilloscope considerably more 
brightness while retaining suffi< tent de 
on sensitivity for transistoi drive, 
a new laihoderav tube had to be de- 
veloped. 

The hasii design of the new CRT is 
similar to that introduced in -Zip- hii;h 
frequent \ oscilloscopes* 1 rhis design 
uses a thin, spherical, metal-mesh 
shield, to terminate the lines of force of 
the post-accelerator field. The result ing 
Field configuration eliminates the loss 
ni i lei let tion sensitivity that would otb 
erwise accompany a high accelerating 
voltage. Since brightness of ihe CRT 
increases with accelerating potential 
the new CRT uses the highest practical 
accelerating voltage. Its 20 kV acceler- 
ating potential gives an improvement 
in .pur brightness ol about i fai tor of 
two over other -hp- oscilloscopes. 

Further increase in brightness was 
at hieved by developing a iikhi i-tlu ieni 
CRT gun strut ture. 1 he new elet tion 
gun uses lenses ol an improved d 
to focus the U-ani. so that il is able to 
deliver more ihan three limes the cur- 
rent previously attainable. In spite of 
the higher current density, the spoi is 
sharper than before. The net result of 
the higher accelerating voltage and ihe 
higher current density is an improve- 

: Floyd! fi. Stegel, "A N*w 50 MC QsplloacoDe Eased on an 
Advanced CHI Desi^h," 'Hewlslt-Pacdard jDurntJ. 1 Vol. U t 
No 8, April l%2 
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Fig. 7. Ralph R. Reiser, leader of TV 
Waveform Oscilloscope project at -hp- 
Oscilloscope Division, Colorado Springs, 
discusses new Model 191 A with chief engi- 
neer H. IL Schubarth of station KBTV, 
Denver. 

1 1 it- tn in brightness of it bout 7.5 • aver 
-hp- high-frequency oscilloscopes, and 
an easily interpreted r 2 pulse display* 

Measurements of Vertical Interval 
Test Signals (VITS) must often be 
made to an accuracy oJ l" r ,. rhis means 
that an internal gxati< ule is a necessity, 
because external graticules are subject 
to parallax errors. The new oscillo- 
scope baa an internal graticule in the 
same plane as the phosphor, which 
eliminates parallax and permits precise 
reading of the display from an) angle 
or from a distance. The verticil stale 
of the internal graticule ts marked in 
JRK units. 

Certain VII S measurements call for 

* The factor of 7,5 is a measured value. The eye would jee 
an improvement in brightness of about three times. 



external overlay i^ra tunics i<> br useii 
in conjunction with the internal grati 
cule. An array of externa] graticules 
for the new oscilloscope h being pre- 
pared. 

Illumination of both internal and 
external graticules is accomplished h\ 
flooding the CRT screen with elec- 
trons. The method for doing this is 
another new -hp- development. The 
source of electrons is located behind 
the mesh structure of the tube, and the 
mesh helps to distribute the electrons 
evenly over the rube face. The amount 
of illumination can be controlled from 
the front pa neb 

PS1 alumini/ed phosphor is used in 
i In- new CRT. 

ENVIRONMENTAL DATA 
The oscilloscope is designed to oper- 
ate at temperatures from 0° to 50° C r 
at altitudes up to 15*000 feet, and 
under conditions of moderately severe 
vibration and shock,* Because it is all 
solid state except for the CRT, power 
rcijuireme-im are low (70 watts), no 
cooling fan is n ceded, and weight is 
only 84 pounds, The low power dissi- 
pation and ability to operate in high- 
temperature environments make the 
new instrument especially suitable for 
operation in areas tike TV control 

1 Vibration: 15 1 min cycles, 10-55 Hi t 0,0') 0" peak-to-peak 
Shock: 4 in P drop of one edge, acceleration of & g for 11 mi, 
3 ft, flrop of Shipping enntainef. 



rooms, whii b are already c rowded with 
elect ton it equipment High-altitude 
operation and shock resistance make it 
capable ol operating anywhere, even 
in mountain-top radio ichi) stations 
and mobile operating centers, 
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SPECIFICATIONS 

— hp— 

MODEL T91A 

TELEVISION WAVEFORM OSCILLOSCOPE 

VERTICAL AMPLIFIER 

INPUT CIRCUIT: 75 ohms unbalanced to 
ground, and 12M ohms balanced to ground, 

INPUT IMPEDANCE {of amplifier); 12.5 k 
unbalanced to ground, and 25 k balanced 
to ground. 

Power ofTon transient fess than 10 mV, 
Protection to 100 voJts, 1 ^s puises. 

COMMON MODE REJECTION: -46 dB from 
to 2 MH2; decreases at 6 dB/oct from 
2 MHz to 20 MHz. 

GAIN CONTROL: Variable control provides 
140 IRE vertical deflection for compose 
TV video signal from 2 volts to over 2 
volts peakto-peak amplitude. Separate 
gain switch sets the vertfeal deflection 
to dispFay 100 IRE umts for a 714 volt 
±1% peak-to-peak input signal 

DC RESTORER; "On" position restores to the 
back porch with a time constant greater 
than 0.3 second Color burst effect on 
display will be less than 1 IRE unit "Off" 
position restores to average value of sig 
nal. 

CALIBRATOR: Automatically switches verti- 
cal channel to "flat" position, horizontal 
sweep to the "2H" position, and provides 
a 30 kHz, 0.714 volt i 1% signal to the 
vertical amplifier 

FILTER RESPONSES 

"FLAT" POSITION: L0 05 dB from 100 Hz 
to 1 MHz, monoton really decreasing to 



—0.10 ±0.05 dB at 4.5 MHz, —3 dB at 
10.5 MHz, and 20 dB at 20 MHz. Rise 
time less than 50 nanoseconds. Overshoot 
and preshoots of the 1.(2 pulse are less 
than 5% with overshoot and preshoots 
equal within 1 % of each other, Less than 
1% tilt on 60- Hz cycle squarewave with dc 
restorer off. 

"IRE" POSITION: Standard roll off as de- 
scribed on page 4B4 of 1958 IRE Proceed- 
ings. 20 dB down at 3. 58 MHz 

"CHROMINANCE" POSITION: A band pass 
filter with a Q of 4 and a center frequency 
of 3.58 MHz. 

"DIFFERENTIAL GAIN" POSITION: Same re 
sponse as the Chrominance with 14 dB of 
additional gam 

"LOW PASS' T POSITION: Down more than 30 
dQ at 0.500 -0.015 MHz; down more than 

40 dB at all frequencies 15 MHz and 
higher; down kss than 2 d8 at 0,15 MHz. 

HORIZONTAL SWEEP 

INTERNAL SWEEP: 

-2V POSITION (0.175 V/cm): 5% for Xi, 

X5, and X25 magnification. 
"2H" POSITION (0125 H/cm): 3% for XL 

and >;5 magnification. 5% for x25 

magnification. 
"LINE" POSITION: 0.125 H/cm. Discrete 

line selection for lines 16, 17 f 18, 19, 

20 f and 21 Variable line selection for all 

lines in the entire field. 
"FREE RUN ' POSITION: Envelope display 

For fast Hjideo setup, 

EXTERNAL INPUTS: Two inputs to Sync os- 
cilloscope to external TV sync generators. 
Staircase input to accept a 4 step stair 
case for WRGB (may be modified to ac 
cept a 3 step staircase). 

FIELD SELECT: A two position switch to posi 



five select the desired field Circuit is in- 
sensitive to noise pulses, 

BLANKING: Decoupled to remove trace with 

no signal Input. 

LINEARITY: ":0.5% of full scale. 
CRT DISPLAY 

TUBE TYPE: 20 kV r post accelerator with 
high writing rate for viewing ot T/2 sine* 
pulse; type P3 1 aluminized phosphor. 

GRATICULE: Internal graticule eliminates 
parallax error. Rectangular 7 cm by 10 cm 
display; 140 IRE 7 cm External gratj- 
cules for sine 7 pulse and bar, video modu- 
lation, etc Beam alignment control. 

BEZEL; Provision for external transparent 
plate with graticule markings. Provision 
for illumination of both the internal and 
the external graticule, 

GENERAL 

DESIGN: All solid state except for CRT 

POWER: Approximately 70 watts (no fani 

LINE: 115 or 230 volts line it 10%. 50 to 
400 H* 

TEMPERATURE: Operating range from 0*C 
to bO'C. 

ALTITUDE: Operates from to 15,000 feet 
above sea level. 

DIMENSIONS: 1G% inches wide. $*A inches 
high and 21 ■/* inches deep. (426 nm 
133 mm >:; 54G mm). 

RACK MOUNT: RacH mount kits are provided 
tor all instruments. 

PRICE: -hp- Model 191A 11295. 
Prices f.o.b. factory, 
Data Mihjori to change «'th*ut notice. 
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CONTINUOUS TV MONITORING 
WITH VERTICAL-INTERVAL TEST SIGNALS 

A brief description of the signals being transmitted in TV channels 
for continuously checking channel quality. 

To provide a pit ture acceptable to the 
average viewer, a television transmis- 
sion system must meet rigorous stand- 
ai cU, This is especially true for Coloi 
signals, which are nmre complex than 
black-and-white signals and subject lo 
more types of distortion. 

Keeping picture distortion within 
desirable limits require Erequenl teat* 
ingot the transmission c hannels win* h 
carry TV video signals. Until recent 
years, this was done during the idle 
periods when no programs were being 
transmitted. Now. the increasing pop- 
ularity oi I <»lor television calls tot -more 
frequent checks, but increased use of 
television has reduced the lime avail- 
able for testing. The result has been 
the development ol methods and sig- 
nals tot continuous, in-service inoni- 
toring of transmission quality. 

In l%3 t television broadcasters and 
the Bell System agreed on the general 
form ol lest signals which would ac- 
company the normal video signal for 
continuous checking of the network 
and associated facilities under actual 
operating conditions. These signals are 
now lieing broadcast. Known as Veiti- 



— Top of 

picture 



Field 2 fine numbers. 
0.5H-I 




— Start at field 2 



Fig. t. Video waveform after detection (carrier removed) for black-and-white 
television. Figure shows portions of video waveform near vertonl b tan king 
interval. Each complete picture, or frame, of 525 linen is scanned in 2 inter- 
laced fields of 2621$ line* each. Top waveform shows end of field two and start 
of field one, and bottom waveform shows end of field one and start of field tivo. 
Each line of picture consists of horizontal sym pulse followed by picture in- 
formation which is used to modulate intensity of picture tube beam as it scans 
across screen. Vertical blanking intervals of 21 tines produce black urea at top 
of TV picture. New Vertical- Interval Test Signals are inserted in lines 18 and 19. 



tored. adjusted, and routed over the 
proper transmission channels, The os- 
cilloscope is also in ten iled to be used 
by local TV stations for monitoring 



each, and the lines ol the second field 
are interlaced between the lines of 
the first, 

1 i£. 1 shows the detcc ted video wave- 



. : .l Iiiic-rvul ],-m s 1K n,U ,VI I M. ilK'v ,he 'l u;,Iit ? " f P™;; 1 -'™ revived from f ( , rm near the beginning of each field 



are a combination ol several test wave- 
forms developed by television broad- 
casters, carriers, and manufacturers in 
the Cntted States and Europe over a 
period of many years, 

A difficulty of VITS is that they are 
fast signals which occur at low repeti 
tion rates (on!) SO per second), Hem i , 
viewing them has been difficult in the 
past. To overcome ibis problem, a new 
Television Waveform Oscilloscope has 
been designed in the -bp- laboratories 
in Palo Alio and Colorado Springs. 



the network and of their own transmis- 
sions. If the VTl'S waveforms indicate 
I rouble, operators in communication 
with each other by telephone can trace 
the trouble to its source and initiate 
i 01 u-y i if tn procedures. 



The interval between the last picture 
line of one field and the first picture 
line ol the next field is called the Ver- 
tical blanking interval! The -I lines in 
this interval do not contain any pic- 
ture informal ion: they produce a black 



Another major application for the area at the top of the picture which is 



"m illoscope is in video tape recorders 
to assure that signals being recorded 
ue ol acceptable quality. 

THE TELEVISION VIDEO WAVEFORM 

The composite video signal is broad* 

casi on an amplitude-modulated i n- 



The new oscilloscope is desigtied to riei with minimum carrier amplitude 

perform all of the functions necessarv representing white and maximum car- 

for displaying television video signals riei amplitude representing blac L One 

and VTTS ami for detecting and mcav * omplete picture is tailed a 'frame' In 

aring the various types of distortion. the National television Standards 

The oscilloscope has been built to Committee s\ stem, there are 30 frames 

Hell System spei ilu a i ions for TV wave- per second, each consisting of S25 lines. 

form oscilloscopes in Eelevision Oper- To reduce flicker in the picture pre- 

aling Centers. T OCs are facilities at sented to the viewer, each hame is 



normal!) not seen In the viewer. It is 
during this interval that the new test 
signals are Inserted. Thus the viewer 
at home can see the effect of these sig* 
nals on two lines of each field if he re- 
duces his picture si/e or mis adjusts his 
vertical hold control to cause his pic- 
ture to roll. 

In a correctly-adjusted home re- 
ceiver, however, these lines are hidden 
behind the mask and do not degrade 
i lie pi I niT< , 

The first several lines ot the verti- 
cal blanking interval contain equalizer 
pulses mu\ vertical svnc pulses which 



which network TV programs ate moni scanned in two fields ot 2b2t _» linrs return the beam to the top of the 
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screen. Lines 1G through 20 can fafel) 
be used for test signals, but line 21 re- 
mains free of signal as ;i guard interval 
before the start of the video signal 
Although other arrangements are be 
ing considered In the television rndus 
try, Vertical- Interval Tk$\ Signals are 
now inserted only in lines f| ami t9 
of each field, Lines hi, 17. and 20 are 
reserved for possible future o$e 

THE COLOR SIGNAL 
I fu video signal lor color programs 
is slightly more complex than for 
black-and-white TV. Fig. 2 shows liow 
the composite color sign:il is devel- 
oped. In both color and black-and- 
white, the brightness signal between 
the horizontal sync pulses is tailed the 
'hi mi nance' or 'monochrome' signal. 
Fig, 2(a) shows how the luminance sig- 
nal might vary timing one line. lb this 
luminance signal is added a chromi- 
nance signal in [he lotm of a phase - 
and amplitude-modulated color sub 
carrier of about 8.58 Mil/, shown in 
Fig. 2(b), J«> a 6rs< approximation rhc 
amplitude ol I he subcariier determines 
color saturation (whether a red is a 
deep red or a pink) and the phase of 
the sub* ai ma wiih respect to thecolor 
sync burst determines the hue (red, 
green, or blue). The composite color 
signal, consisting of the sum of the var- 
">ik components, appears as shown in 
Fig. 2(c). Note that the effective :ixis 
of the chrominance signal may varv 
through the luminance range sim c this 
,i\ii coincides with the level of the 
mono* limine siymal component. Bla< k 



Fig. 2, Development of composite 
eoior signal: (a) typical hi mi miner 
or monochrome signal for one tine 
of p iv tu re, (b) v h ro m i n a n c e a n d 
color ay nv signals. To a first apprax- 
irnation, amplitude of 3.5$ MHz sub- 
carrier represents at for saturation 
(e.g., deep red or pink), and phase 
n it ft respect to syne burst 
mines hue (red w hlttc, green), (c) 
Composite color signal is sum of (a) 
and (bh Warh-nnd l - white TV re- 
eeivers extract only luminance sig- 
nal. (Vertical Sea U> is in IRE units: 
140 fftE units = 1 volt.) 



and white sets filter out the coloi sub 
i airier to recover the original lumi- 
n.nn e signal 

L he amplitude ol the composite sig- 
nal is measured in IRK units, 140 IRE 
units is defined as I volt peak-to-peak, 
which is the standard interlace video 
sign.il maximum amplitude. 

TYPES OF DISTORTION 
Both black-and-white and color tele- 
vision a ie degraded by distortion in 
the following characteristics of the 
transmission system: 

1, FREQUENCY RESPONSE (amplitude 
vs. frequency). 

High frequency rolloff which starts at too 
low a frequency or occurs at too fast a rate 
causes the TV picture to look soft and lack 
detail. Color TV viewing tests have indi- 
cated that viewers can detect amplitude 
variations of only 1 or 2 dB in the frequency 
response, if the variations occur near the 
color subcarrier frequency, 

2. PHASE RESPONSE (phase vs. fre 
quencyj. 

The phase response of a transmission sys 
tern should be linear with frequency (con- 
stant time defay for all frequencies) up to 
4,2 MHz and beyond. Deviations will cause 
lack of clarity and, in color, hue shift. Phase 
delay distortions as small as ±0.1 jxs at 
the higher frequencies are easily detected 
by viewers. 

3. TRANSIENT RESPONSE 
Transient response includes both ampli- 
tude and phase response. If the phase 
characteristics of the system are not ideal, 
a black bar may appear at the leading or 
trailing edge of a sharp black-to- white tran- 
sition In a color picture, hue will be shifted 
with respect to outline: the red of an apple 
will be shifted with respect to the outline 
of the apple. Poor low-frequency response 
may cause streaking in ihe picture 

4, DIFFERENTIAL GAIN AND DIFFER 
ENTIAL PHASE (gam and phase vs. 
signal amplitude). 

Variations in gain with signal amplitude will 



cause white or black areas to shift towards 
gray, or color desaturation and a washed- 
out appearance. Variations in phase with 
amplitude are most harmful to color sig- 
nals, and result in hue shift as a function 
of signal amplitude: saturated yellow, for 
example, may appear green or orange, so 
that a dress which appears yellow in dim 
light may change to green or orange in 
bright light. 

In the VITS system, frequency re- 
sponse is thecked by a 'iiiuhibui st' si^ 
nab phase and transient responses are 
checked by the 'sine-squared pulse and 
bar. and differential gain and pita st- 
are detected by modulated stairsteps, 
rhese signals, along with black and 
white reference levels, are inserted at 
the point of program origin. 

MULTIBURST 
The inultibur^i signal (see Fig. 3) \\ 
Mi ted on line 18 of Relds one and 
two. It consists of a white Bag: 1 used to 
establish the reference white level, |r>l 
lowed bv burs is ol frequencies ol (I .;> 
Mil/. 1,5 Mil/. 2,U Ml !/,:>,() MH/ 3*6 
MH/, and L2 Mil/, II the system has 

a Erequenc) res] se characteristu 

which is Hat through the 1.2 Mil/ 
range, as ji should be, the amplitudes 
of the bursts will be the same, and vice 
versa. There are obvious h large gaps 
between the multiburst frequencies 
where deficiencies could occur. This 
ic si is very useful, however, because it 
provides a spot check on the overall 
system response which can be evalu- 
ated visually in a few seconds, 

The multiburst signal can also be 
used to detect frequency-selective dis- 
tortion, such as amplitude nonlineari- 
i the burst frequencies. Filtering 
out the burst frequencies with a low- 
pass filter leaves only the base lint . <h 
average value [Fig, 3(b)]. If amplitude 

nonlinear it\ exists at one <»l rhc hurst 
frequencies, the burst will be distorted 
and will contain a dc component 
Which will c ause a shift ol the has* Imr 
lb permit making checks on the 
inulubiust signal the new TV Wave 
form Oscilloscope provides switches 
lm selecting line bS of fields one and 
two. A lowpass filter, selectable with a 
horn-panel control, is built into the 
instrument and enables checking Ecu 
base line shifts. 

SINE SQUARED PULSE AND BAR 
The sine-squared pulse and bar I see 
Fig. 4(a)] ate inserted on line Ml ol 
field one. Trie pulse .on? hai o< nally 
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two separate test signals, foul the) are 
similar in iIkii t hcv suhjett t Iitr system 
to the same tvpe oi Iran si em signals 
thai arc encountered during picture 
transmission. 

When the finite-diameter beam ol :i 
camera tube scans across a black-to- 
whhe transition, the change in output 
voltage is not a perfect step, but is 
more S^shaped, iln^-h resembling a 
sinusoidal peak-topple transition* 

I he frequenc) of the sinusoid i> lim- 
ited h\ the system bandwidth, ninth i* 
ahoui I MH/. If such a system were 
tested with a fastei rise impulse <>t step 
voltage, overshoot, ringing, and phase 
shilt might occur even in an adequate 
system because of excessive high>fre- 
quency components in the test signal 

I he vine squared pulse is a more real- 
ign* test signal; it has accurately con- 
trollable frequenc) components which 
can be limited to the band oi interest. 
It also has the advantages ol being eas- 
ily generated to an accuracy ol I , oi 
better, and ol being mathematical!) 
ura< table. 

The sine-squared pulse is shown in 
more detail in Fig. '1(b). This is a " 125 
microsecond (half-amplitude width) 
pulse, known as a 'T' pulse, which has 
the shape oi one cycle of a 1 Mil/ sine 
wave. The frequency spectrum ot this 
pulse is shown in Fig fodi. The hall- 
voltage point is at 1 MHz, and then ts 
tittle energy beyond 8 \l 1 1/, Thus, 
mosi of the test energy is contained in 
the frequency range ol interest, A *2T' 









fh> 



Fig, &, Oscillograms made with -hj>- Model 191 A TV Waveform Osctito 
scope displaying Vertical-Interval Test Signals, (a) MuUihurst signal 
consists of u lute flag* and hurst of frequencies of On MHz r If* MHz, 2.0 
MHz. 3.0 MHz. .'Ify MHz. and 1.2 MHz. If frequency response of vhan- 
ritl is correct, ail bursts arc reproduced with same amplitude. Sweep 
speed is H ps/cm. Model fitlA vertical amplifier is in FLAT filter re- 
sponse position. (!)} Same signal with Model 191 A LOW PASS filter 
response, showing base tine of multihurst. 



pulse, with a half-amplitude width ol 
.2"i ns t is often used lor tr^is where the 
main interest is in the 0*5 to 2 Mil/ 
range. VI L'' pulse is also available 
for use when wider test bandwidth is 
desired. F H ig, #{b) shows tvpic al I 1 I 
and 1 1 pulses. 

The sine-squared pulse reveals de- 
ficiencies in the high*frequency tran- 
sient response ol the system. Its ampli- 
tude will be red need if the high Ire 
quenc) rolloff of the system occurs -it 
too low a frequency. It is also partii u 
larly sensitive to phase distortion, he- 
cause its phase characteristic is linear 
to a freipiem v well above the highest 
video frequency. Another way of sav- 
ing this is thai the group delay or en- 
velope delay characteristic ol the sine- 
squared pulse is constant to a high fre- 




Titf. 4. (a) Oscillogram made tilth Model 191 A of sine-squun'd fmfse and bar used for 

testing transient response o) channel. Sine- squared shape subjects sysU m to samt typ 
of transient as is encountered in picture transmission. Pulse tests high-ficqui n< \ 



speeu isv..)(j,j r 'Sf< rn. repeuuon rate ts&vns, special \ n i in iwouct i:tisi gives tieur 

ttuve at high writing speed and low repetition rate. FLAT response, (el Drawing of 

T puhe T pulse is one cycle of 4 MHz sine aai-e. td> Spectrum of T pulse is down hy 

factor of two at 4 MHz and is zero at 8 MHz, 



quency (> 16 MHz for the T/2 pulse). 
Hence, h the system does not dela) 
ill frequency components by the same 
amount, the sine-squared pulse will foe 
distorted: it will no Longer foe symmet- 
rical, and ripples will appear on its 
leading or trailing edge, 11 high fre- 
quencies are delayed less than low fre- 
quencies* for example, a ripple occurs 
on die leading edge. 

I h<- other test waveform on line 19 
ol field one is the sine-squared har or 
"window! This is a flat-topped pulse 
with :\ duration oi one-hall line. Its 
leading and trailing edges have a sine- 
squared shape corresponding to the l_ 1 
pulse, The bar is sensitive to distor- 
tions al middle frequencies, droop ap- 
pearing at the top ol the bar is related 
to streaking in the TV picture, and as 
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Ft*:. 5. QsciUogrwm of VITS made with 
Model I fit A. (a) Modulated Stairstep sig- 
nal used for detecting variations in gain 
and phase with signal amplitude. Then* 
ore 10 steps, eavh with 3.58 MHz hurst 
superimposed. FLAT filter response of 
Mode! 191 A Sweep Speed S ps/cm. fb) 
Modulated stairstep, LOW PASS filter t* 

&ponse. Sweep speed 8 fts/cm, fc) Modu- 
lated Stairstep uith Model Hi I A DIF- 
FERENTIAL GAIN filler response. This 
response provides bandpass filtering t en- 
tered at 3.5S MHz, plus 14 dR amplifica- 
tion. 



little n\ 2 to 5^j droop will indicate 
streaking tlun is readily detected !j\ 
viewers. 

The new oscilloscope is specially de- 
signed foi Improved display of the I 2 
sine-squared pulse, For proper evalua- 
tion oJ the response of the system to 

flu's siftiuil, it is often nc< rss;n v i>> in.ii; 

nilv the time scale 2 r » tunes. This rc- 
nuIis in a f.tsr c .uhodr-i.n iiiIh sweep 
speed <it Q.5I73 ps/cnt, Since the repeti 
t ion rate of the signal is -nJ 30 H/ (SO 
tiiiw cond), the signal would be 

barely visible on the usual oscilloscope. 
The new oscilloscope h«ts *i spec i:iJlv - 
develofHL'd CRT with a writing rate 



7.5* times that of conventional hiigh-fre- 

ijiicticy ost illoM opes, which pjoduies 
:i clear, usable trace. 

MODULATED STAIRSTEP 

The modulated stairstep used in de- 
tecting differential gain and ph 
inserted on line 19 of he Id iwo. It con- 
sists of a 10-sicp stairstep signal going 
In mi black to white, with a 3.58 MH/ 
sine wave superimposed on each step 
[see Fig, 5(a)]. 

Differential gain is ihe variation in 
the gain of a transrnisison system as the 
luminance signal varies between I he 
values Eoi black and for white. In a 
propei Ivoptraiint; svshm. changes in 
luminance volia^e shoulil [jroduce no 
change in eitfiei the heigh I of the sups 
01 I lie amplitude Of the sine wave. 

Lowirecjuencv differential gain can 
be detected by removing die sitie wave 
from the modulated stairstep with a 
low-pass Idler and checking the steps 

for equal height | Ki^. 5(b)], High-fre- 
quency differential gain can be de* 
let led by removing the Steps with a 
band-pass Bltej centered at S.58 MH/: 
this jiuis the In bursts of sine wave on 
the same line and pei mils c.js\ cornpar* 
ison of their amplitudes [ Fig. 5(c) |. 

Differential phase is the variation in 
the phase charai lei isth of a system as 
the luminance level changes from 
black to white. The modulated stair- 
step can be used in tonjuix lion with a 
synchronous phase detector to check 
Foi this u pe ill distortion. Phase shifts 
of I degree can be detected in this 
manner, 

To facilitate these measurements, 

l he new oscilloscope includes boih a 
low-pass Biter bn checking low-lre- 
quency differential gain and a band* 
pass filter centered at -158 MH/ lot 
(becking differential gain ai the tolor 
mi he artier frequency, An addition! 1 H 
dB of amplification is available foi use 
with the band-pass filter il needed. 

— Richard /., Mottflict and 
Ralph H. Re, 



CORHECTfON 
In the test issue the correct photograph 
for Fig. 3 in the article Measurement of 
Liquid Layer Thickness with Time Domain 
RefJectometry,' Vol. I7 r No. 5 r should show 
a G-cm step, rather than the 5.5cm step 
that appeared. The 6-em step represents a 
reflection coefficient (;>) of —0 60 which, 
when used in equation 2, yields the stated 
value of 1G for the dielectric constant e 
Similarly, Fig. 4 should show a 6.5 cm step, 
representing a p of —0 65, which then yields 
the stated value of 22 for e. 



OSCILLOSCOPE 
DESIGN LEADERS 

4 j 

Ralph R r Reiser 

Ralph Reiser joined Hewlett-Packard 
in 1958. As a development engineer in 
the Frequency and Time Division, he 
contributed to the design of several 
electronic counters, and was project 
leader for the 52S0A Reversible Count- 
er. Since 1965, he has been with the 
Oscilloscope Division as project leader 
for the 19IA Television Waveform 
Oscilloscope, 

After five years in the U. S. Navy as 
an aviation mechanic, Ralph attended 
the University of Kansas and gradu 
ated with a BSEE degree in 1958. At 
Kansas, he was elected to Tau Beta Pi, 
Eta Kappa Nu. and Sigma Tau, He ob- 
tained his MSEE degree from Stanford 
University. 



if* 

Richard E. Monnier 



Dick Monnier joined Hewlett Pack- 
ard in 1958 as a development engi- 
neer. His first assignments included 
circuit design for the 185A and 1858 
Sampling Oscilloscopes. Later, as 
Group Leader, he contributed to the 
design of the 120B Oscilloscope, the 
140A Oscilloscope and plug ins h and 
the 132A Dual Seam Oscilloscope. In 
1964 he joined the Advanced Research 
and Development Division where he 
contributed to the design of the Tele- 
vision Waveform Oscilloscope as Proj- 
ect Leader before transfer of the proj- 
ect to the Colorado Springs Division, 

Dick received his BSEE degree from 
the University of California at Berkeley 
in 1958 and a MSEE degree from Stan 
ford University in Jan, 1961. 



IEEE EXHIBITION 
At the IEEE Exhibition m New York 
City, Hewlett-Packard will have on dis- 
play for your interest a large amount of 
new instrumentation. Included will be 
such new instruments as a sampling 
voltmeter, a programmable oscillo 
ssope, an X-Band plug in for frequency 
counters, and many, many more. 

-hp- will be in Aisle 3E on the third 
floor of the Coliseum 

Be sure trt visit US, 
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'VITS' PROGRAM 

(cont'd from hack cover) 

seetns to hold the most promise is ihe use 
oi Verticall ni ervnl Test Signals (VITS), 
V1TS are signals generated and trans- 
mitted by equipment provided by the 
broadcasters. Th ey a re k e y ed i 1 1 to des ig- 
nated liites during the vettieai blanking 
Interval of the picture. "J hese signals are 
then transmitted al< jul* with ihc normal 
picture signal. I hev may be observed. 
and <>r photographedj at appropriate ex- 
isting monitoring locations by network. 
telephone Company] and local station 
personnel 1 bey < an be used for quantity 
live measurements. Appropriate compari- 
son or analysis of the test results slum It [ 
facilitate trouble location during actual 
service Incidentally, VITS signals rna) 
be seen in the pit tine on a home receive] 
if the picture is rolled half a frame to 
expose the vertical interval. They appear 
as a light horizontal streak in the nor- 
ma Hy dark area between frames. 

liu- Network Transmission Committee 
has developed a plan and a program for 
implementing VI I S, taking into account 
the following considerations: 

1. Initially, the signals should be such 
that existing equipment may be used to ob- 
serve the signats. There should be a mini 
mum requirement for new or modified 
equipment during the early stages. 

2. The following signals should be inccr^ 
porated in the Vertical Interval Test Signafs: 

a. M Lilts burst 

b. Sine-squared signal (pulse and bar) 

c. Modulated stairstep 

d. A color signal (to be specified at a 
later date) 

e. White and black reference level sig- 
nals, combined into one or more of 
the above 

3. Directives and training should be Ini- 
tiated to insure early effective use of Ver- 
tical Interval Signals. 

4. Ultimately, all the test signals should 
be available simultaneously for most effec- 
tive usage. 

5. Any new equipment being developed 
should be designed to accommodate ulti- 
mate requirements, 

6. The test signal specification should 
be capable of modification to incorporate 
the benefits of experience with initial use. 

Paragraph 1682 oi Part .1 of the FCC 
Rules allocates the interval beginning 
with ihe last 12 microseconds oi inn 17 
and continuing through line 20 for the 
transmission of test signals. Line 20 is 
reserved by the broadcasters for other 
purposes. The Committee felt it desirable 
that lines IN and H) of both fields contain 
different test signals. Ii was agreed, how- 
ever, that mosi existing oscilloscopes were 
nut adapted io this sophisticated tceh- 
nique. in addition, most equipment avail 

Libit: In Living in these signals was not 
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Fig, 2, Simplified Vertical- Interval f**>t Signafo (VITS) used to provide in-service 

trouble ittagttasis. VITS fire heyeii in h> fttus IH anrl IS *>/ hoth fielfls and transmitted 

along with normal pieture signal. They can he seen on home sets as a light horizontal 

tttreak in (to normally dark area between frames (vertieul blanking interval t. 



capable ol meeting this requirement. 
Because oJ these considerations! \ I C 

drt ided on a program which was divided 
into two parts: an interim period and an 
ultimate period, The Verikal-lniei val 
lest Signals specified for ihe interim pe- 
riod were planned to satisly die first three 
considerations listed previously, 

OPTIMUM VITS 

liu changeovei lioin the interim pe- 
riod will be completed in 1966. 1 lie plan 
lor the optimum test signals is shown in 
simplified form in Fig. 2. 

I Ins plan proposes a continuous dis- 
play of four test signals, combined with 
amplitude reference signals, keyed into 
lines 18 and l*J of both fields. It leaves 
line 2U oi both fields available for othtt 
purposes, hi this optimum arrangement 
line IK of held one has the nuiltihiu-a, 
combined with black ami white reference 
levels. Line 19 oi held one lias a sine* 
squared pulse, with bar, combined with 
hlat L and white reference level signals. 

Ltne IS of held two wilt contain a 
eoloi tesi Mgnai to be specified ai a latei 
date. Again, it will include black and 
white reference levels, I ine 19 ol tie Id 
two urn ta ins the modulated stairstep, 
plu> the reference levels as in the other 
three signals. Thus each frame displays 
the complete arra) of lour lest signals 
with black ami white reference levels in- 
orated with each. 

Phere tie some problems involved in 
implementing a program which will re 
suit in Yen it 'id-Interval Signals being use- 
ful. One problem is that of reaching 



agreement on signal standards for Yuri 
eal- Interval Signals. This problem is 
heigh tenetl by the fact thai so In there 
is no agreement on standards for full 
frame test signals which are sent during 
tesi and lint up periods on the networks. 
NTC is working on both of these prob- 
lems concurrently. 

A ramification of the problem of deter- 
mining standards for Vertical- Interval 
Signal observations is that these signals 
traverse a d liferent path than test signals 
normally used, In the more usual case of 
out-of-servtte testing, the network does 
not go in and out of any broadcasting 
stations. While there may be several video 
sections in tandem, there are no local 
transmit ling loops involved except at the 
originating point, and no local station 
fatalities are in the transmission path. 
During actual program transmission, 
however, the networks utili/e various* on 

figurations width include so called "in- 
and-out" points, where tbe signal actually 
is transmitted in and out of a local sta- 
tion. The Yen ii .il Jntei val Signals follow 
the pit tore, They go in and out at in-and 
out points, shut tests are normally m j i 
made loi this combination of fatalities, 
no standards ios evaluating stub measure- 
ments are available, Determination of sig- 
nal standards for VerticaMntcrvaJ Signals 
will thus be mote complicated than for 
full frame test signals on an put-pf-servw i 
basis, rhe siaudards will have to apply u> 
a mu<b greatei range of network config- 
urations. Considerable effort ts Iking ex- 
erted on this problem, and progress is 
ex pe*icd in the near future. 
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THE 'VITS' PROGRAM FOR 
INTERCITY TELEVISION NETWORK TESTING 

5. C. Jenkins 



Long lines Department 
American Telephone and Telegraph Company 




Fig. I, Bell System intercity television network in Jan., I9titi. The network includes 

over 126,000 mites of routes, Oj which only 8$3 miles or 0.7% t are eoaxiai rahte. Most 
channels are radio tela \IHz bandwidth, This represents a rapid if in- 

version to radio n lay in II years: in !!*■'< the ti9jtXX) mite* of channels then in 

seni't litre coaxial table. 



Tm: i i icikical SIGNALS that transmit 
television programs of ten travel hundreds 
or thousands of miles in t lie United States 
OH a vast network of iniercity television 
channels. At the start ol" I *Hi4i ihen wen 
ovei 126^000 miles oi \ id* n inter* iiv . fun 
ntls on about 52*000 miles "t Intercity 
routes. This network i^ shown in Fij*. I. 

( her WW ', ol the rietwoi k is iii m on rni- 

I I owave radio systems providing i hanneis 
Of at least 4-MHz width. <>ul\ 853 miles, 
or less ih. in o.7 ( '| of the network, is I in 
nished on coaxial facilities. In 195 I, when 
the interdt) video plant contained the 
maximum mileage ol coaxial facilities, 

M d the 69.000 mile* of intercity chan- 
nels then in service was furnished on co- 
axial « hanneis, sonic > ml% 1,\7 \IH/ wide. 
7 he workhorse ol ihe inu to wave radio 
relay s\ stents i> tailed the ini'sVMtiu h 
Operates in the HKKT-megahei 1/ hand, The 
system for future applications In the lunn. 
megahertr hand j% coded TD- ( 1, It lie 
comes available in (96*6 and fcis a mmi 
in.tl "j-wait output level. 

\i locations where the intercity net- 
work facilities interconnect with local 
video facilities within a iii\. certain 
switching and monitoring functions ;n< 
needed by the broadi asters. This role is 
performed iit facilities known as l r lev i 
sioffl < Operating Centers. 1 he & 11 System 
now provides smh Operating Centers sti 

III points within die United Stales. \i 



these centers the instruments necessary 
for testing and adjusting the video chan- 
nels are maintained. Monitors and os< M 
toscopes are provided foj the monitoring 
function. 

ENGINEERING COORDINATING GROUPS 

Several years ago two organizations 
were formed for coordinating between 
the Telephone system and the broadcast- 
eis. One organization is the Video Iritis 
mission I til; i ncenng Advison Commit- 
in. called \'l IF \(l for short from its 
initials, This group consists ol the heads 
ol the Engineering Departments ol rhe 

three niajoi broadcasting net wot k\ and 
corresponding representatives of the Tele- 
phone Company. The second group is a 
suh< onnniitee ol VI IK Ai 1. and is called 
the Network Transmission Committee 
(NTC), It ^ members come from the cngi- 
jii ■« ■] ing and Operating departments tjj the 
same organizations whi< h form VlT£ U 
The Network Transmission Committee 
concerns itself widi those problems ol op- 
eration and transmission of video and 
audio networks width become chron^ 
rod cannot be, oi are ihm satisfactorily, 
handled through normal organizational 
t hanneis. 

\ri at tivii\ oi VITEAC wfcll li is ot t lit 

rent interest is the investigation of i 
measuring techniques foi video * hanneis. 
Both rfic broadcasters and ihe Telephone 
Company would like to see ;t «t:ir>f.tard 

method adopted, 
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VERTICAL INTERVAL TEST SIGNALS 

Ihe Television networks, the individ 
mil TV broadcasting station^ ami the 
Telephone Company are all concerned 
with improving the (jualit) of ihe picture 
seen In the viewing public In the day-to- 
dav operation oi the television networks, 
mam changes .in in ide in the intercon- 
nection of these transmission facilities. 
This includes changes in broadcasters* 
facilities, changes in local Telephone 
Company facilities, and changes in inter- 
exchange < hanneis. Although designed 
foi hmg term stable performance, no part 
ol the overall network is immune to 
trouble. Since many of these troubles are 
temporary or transient, it is desirable that 
thev he located quickly, while They are 
present. Phis means that trouble location 
must be done on an in-service basis, rathe) 
than by tesis made on an out-of-servici 
basis af hi die program i> o\< i 

In addition, it is often difficult either 
to identih or to diagnose troubles from 
observation ol the normal picture signal. 
Some moir rigorous fces4 signal is needed. 
The technique which stems to come clos- 
est to meeting these requirements and 
(concluded inside on p, 11) 
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Mr Jenkins is Transmission Engineer 
in the Engineering Staff of the American 
Telephone and Telegraph Company. 
Long Lines Department. As such he is 
responsible for the transmission meth- 
ods, practices, and designs used m the 
engineering, constructor maintenance, 
and operation of the Long Lines Tele^ 
phone Plant. 

Some of Mr. Jenkins' previous BeM 
System assignments were in the Trans- 
mission Engineering section of American 
Telephone and Telegraph's General En 
gineering Department, as Transmission 
Engineer of the Long Lines Eastern Area, 
and the engineering department of the 
Western Electric Company's Defense 
Projects organization. In the latter post 
he was responsible for engineering im- 
portant aspects of communications for 
such projects as BMEWS and the East 
ern Extension of the DEW Line. 



